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Table S1 MO compositions (shares) and energies Eo?(eV) for the MdOs'? (Dan) cluster at

Rwmd-o = 0.2267 nm and photoemission cross-sections oi.

MO composition
Md (6]
MO “Eq eV
6s 6py2 | 6ps2 | 6dzz | 6dse 7s 5fsp 5fia | TPw2 | 7P3e 2s 2Pz | 2P3e
oi 1.29 0.87 151 0.63 0.55 0.10 7.68 7.13 0.04 0.06 0.96 0.07 0.07
25y6" -10.80 0.53 0.34 0.05 0.08
22y -10.76 0.49 0.38 0.04 0.02 0.07
21y -10.60 0.05 0.83 0.04 0.06 0.02
24y6* -9.05 0.88 0.06 0.02 0.04
23y6" -7.92 0.33 0.53 0.04 0.10
20y7* -7.91 0.33 0.54 0.04 0.09
28ye -7.45 0.91 0.04 0.03 0.02
27ve -5.24 0.01 0.91 0.02 0.06
24y -5.13 0.91 0.02 0.07
23y7 -0.70 0.03 0.44 0.01 0.22 0.30
2676 0.00 0.62 0.35 0.03
22y 0.05 0.01 0.01 0.52 0.01 0.01 0.09 0.35
25y¢ 0.05 0.01 0.01 0.52 0.01 0.01 0.05 0.39
24ys 0.46 0.33 0.67
21y7 0.46 0.33 0.67
22y6" 0.73 0.15 0.85
19y,* 0.73 0.14 0.86
21y6" 0.73 0.66 0.34
o 20y7 0.90 0.02 0.06 0.34 0.01 0.05 0.52
s 23ys 0.90 0.02 0.06 0.34 0.01 0.05 0.52
> | 18y | 09 003 | 097
17y7 1.00 0.50 0.50
20ys6" 1.00 0.51 0.49
19y7 1.23 0.13 0.37 0.04 0.46
22vy¢ 1.70 0.35 0.02 0.58 0.05
21ys 1.73 0.01 0.02 0.02 0.03 0.21 0.71
18y; 1.73 0.01 0.01 0.03 0.01 0.37 0.57
20v6 2.23 0.01 0.03 0.01 0.23 0.72
16y, 2.38 0.01 0.07 0.01 0.57 0.34
19y¢* 2.40 0.05 0.03 0.01 0.01 0.90
15y7* 2.42 0.04 0.03 0.01 0.36 0.56
17y7 2.47 0.15 0.13 0.01 0.16 0.55
19y6 2.47 0.15 0.12 0.13 0.60
16y, 2.51 0.06 0.19 0.64 0.11
18y" 2.86 0.05 0.01 0.32 0.62
14y7* 3.30 0.05 0.08 0.29 0.58
18ys 3.31 0.77 0.01 0.03 0.19
15y7 3.32 0.77 0.01 0.03 0.19
17y6" 3.32 0.06 0.08 0.29 0.57
14y; 3.47 0.76 0.04 0.20




17y 14.31
13y7 14.31
12y7 15.46
13y7 15.92
16y6" 15.93

o | 12y 15.93

= 16ye 16.11

2 15y6" 16.68
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11y 17.99
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4 Absolute energies are decreased (shifted up) by 18.27 eV.

b) Photoemission cross-section o; (kiloBarn per electron) for O [S1] and for Fm [S2].
% Highest occupied MO (1 electron), the number of electrons on the other occupied orbital is 2.

Table S2 Valence XPS parameters for MdO2 (MdOs, Dan, Rmd-o = 0.2267 nm) and the Md 6p-

6d-, 5f-density of states (DOS) pi ().

XPS Md 6p-, 6d-, 5f- DOS pi( )
MO —E3, eV
1 0,
Intensity (%) 6p12 | 6pa2 | 6032 | 6ds2 | 5fs2 | Sf7e
26759 6.14 410 0.62
22 yr 6.19 7.10 0.02 002 | 1.04
25 v5 6.19 7.10 0.02 002 | 1.04
24y5 6.60 0.03
21yr 6.60 0.03
22y 6.87 0.03
19y 6.87 0.03
21y 6.87 0.03
20y7 7.04 5.50 0.04 012 | 0.68
235 7.04 5.50 0.04 012 | 0.68
187/ 7.10 0.03
17y 7.14 0.03
20 y5" 7.14 0.03
1947 7.37 6.80 026 | 074
22 v5 7.84 470 0.70
O | 21y 7.87 0.60 0.02 0.04 | 0.04
= | 18yr 7.87 0.20 0.02 0.02
3| 20% 8.37 0.60 0.02
167, 8.52 0.20 002 | 014
19 8.54 0.10 0.0 | 0.06
15y, 8.56 0.20 0.08 | 0.06
17y 8.61 3.90 030 | 0.26
19y 8.61 3.80 030 | 024
16y, 8.65 3.40 012 | 0.38
1876 9.00 0.06
14y 9.44 0.20 010 | 0.16
187 9.45 11.20 154 | 002
157 9.46 11.20 154 | 002
17y 9.46 0.20 012 | 016
l4yr 9.61 10.90 152
i, 87.80 016 | 042 | 058 | 592 | 6.48




177 20.45 150 0.88
1397 20.45 150 0.88
1297 21.60 0.70 002 | 002
13y, 22.06 1.80 0.10
16 v5* 22.07 0.50 0.06 | 0.04
12y 22.07 0.50 0.06 | 0.04
1675 22.25 0.40 0.02
g 15 5" 22.82 0.40
S | 5% 24.13 1.60 1.02
= | 11y 24.13 1.70 1.04
145 38.73 1.60 1.98
Sli,pd 12.20 200 | 382 | 012 | 018 | 002 | 002
14y 63.38 ~24

4 Absolute energies are increased (shifted down) by 6.14 eV.
b) Peak intensities and partial densities of states.

Table S3 Overlap populations for MdO; (per one ligand, x103).

Bonds in MdO, RDV Bonds in MdO RDV
Md5fs, — O2p | -3 |Md6ds, - O2s| 17
Md5f, — O2p | 15 |Md6ds, — O2s| 26
Md5fs, — 02 | -2 |Z¥%wmo 348
Md 5f;2 — 0O2s 0
Md7pyz — O2p | 21 |[Md6py, - O2p| -11
Md7ps; — O2p | 46 |Md6psz — O2p | -66
Md7piz — O2s 12 | Md6py. - O2s| -2
Md7ps, — 0O2s 9 |Md6psz - 02s| -22
Md7s — O2p | 24 | Md6s - 02p| -15
Md7s — 0O2s | 20 |Md®6s - 02| -1
Md6ds, — O2p | 67 |Z¥wwmo -117
Md6ds, — O2p | 96 |Z¥%o0 231

3 OVMO, IVMO and CMO contributions.
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